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Preface 


The  TTorlc  described  in  this  report  is  pertinent  to  the  projects 
designated  by  the  Ifevy  Department  Liaison  Officer  as  NO-11  and 
NS-109  and  to  Division  2  project.  P27303- 

This  v-'ork  nas  carried  out  and  reported  by  the  Calf  fomia  In¬ 
stitute  of  Technology  under  Contract  03Jsr-3li8. 

Initial  distribution  of  copies  of  this  report 

Nos.  1  to  25,  inclusive,  to  the  Office  of  the  Secretary  of  the 
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TIiE  INFLUEIJCE  OF  EIPACT  VELOCITY  ON  THE  TENSILE  PROPERTIES  OF 
FOUR  MAGNESIUI  ALLOYS  AND  2liS  ALUIINIM  ALLOY 


Abstract 


This  report  presents  the  results  of  further  investigations  of  the 
influence  of  impact  velocity  on  the  tensile  properties  of  metals  and 
alleys.  Ffeirt  I  presents  the  results  of  tests  on  four  magnesium  alloys, 
namely,  -Dovt  Metal  FS-1-HTA,  J-1-HTA,  M-HTA  and  0-1 -HTA.  lx-  -.s  concluded 
that  alloys  M  and  0  are  susceptible  to  embrittlement  by  stress  concentra¬ 
tion.  The  energy  per  unit  voltrie  required  to  fracture  those  cv/o  alloys 
dynamically  iras  about  the  same  as  statically  when  a  fillet  of  5  in* 
was  used.  The  energy  to  fracture  alloys  F  and  J  in  specimens  vnth  1/1o  in 
radius  fillet  is  higher  dynamically  than  statically.  The  critical  veloc¬ 
ity  of  each  of  the  four  alloys  is  greater  than  200  ft/sec. 


P&rt  II  presents  the  results  of  static  and  dynamic  tensile  tests  on 
a  2)4 S  aluminum  alloy  in  the  "T"  and  annealed  conditions.  The  tensile 
properties  of  this  alloy  in  both  structural  conditions  are  larger  dynam¬ 
ically  than  statically.  As  may  be  expected,  the  values  of  those  proper¬ 
ties  are  lo;’7er  for  the  annealed  alloy.  The  critical  velocity  i?  greater 
than  200  ft/soc  for  both  structures.  Those  results  are  coinparcd  with 
those  of  a  1 7 ST  aluminum  alloy  previously  reported  vdth  the  conclusion 
that  in  general  there  is  no  appreciable  difference  botvraon  the  dynamic 
prop'-rtios  of  the  I? ST  alloy  and  the  2I4 ST  alloy  although  the  1 7 ST  may  be 
sligi'-.aj’-  superior. 


PART  I.  THE  nJFLUEMCS  OF  VELOCITY  ON  THE  TENSILE 
PROPERTIES  OF  FOUR  MAGNESIU.!  ALLOYS 

1 .  Introduction 


Static  and  dynamic  tensile  tests  have  been  made  on  four  magnesium 

123/ 

alloys  as  an  extension  of  previous  work-^— '  in  which  the  influence  of 
impact  velocity  on  the  tensile  properties  of  metals  was  studied. 


1/  P.  E.  Duv/ez,  D,  S.  Clark  and  D.  S.  Wood,  The  influence  of  impact 
velocity  on  the  tensile  properties  of  plain  carbon  steels  and  of  a  cast- 
steel  amor  plate,  NIBC  Report  A-15U  COSRD  No.  f^TliyT'SarrT^IjiJI 

2/  P.  E,  Duvirez,  D.  S.  Wood  and  D.  S.  Clark,  Dyivmiic  tests  of  the 
tensile  properties  of  SAE  1020  steels,  Armco  iron  and  17STalurainiri  alloy, 
N&IC  kep-Jrt  A-iy2  t^o.  1I49O),  May  19143* 

3/  P.  E.  Du'.Tez,  D.  3.  Wood  and  D.  S.  Clark,  The  influence  of  impact 
velocity  on  the  tensile  properties  of  class  B  amor  plate,  h*xtt-treatcd 
alloy  steels  and  stainless  steel,  NDRC  Report  A-195  lOSRt)  l6U1j,  July 
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2.  Maturlals  tested 

The  materials  for  these  tests  'svere  obtained  thrcagh  the  courtesy  of 
the  Doit  Chemical  Canpany  and  urere  tested  as  received.  In  this  report, 
the  various  alloys  'svill  be  designated  by  the  letters  F,  J,  M  and  0.  The 
results  of  a  chcsmical  analysis  made  by  the  Snith-Enery  Ccmpany  of  Los 
Angeles  are  given  in  Table  I.  Photonicrographs  are  sho’-vn  in  Figs.  1  and 
2. 


Table  I,’  Designations  and  chemical  analyses  of  magnesiin  alloys. 


..  Dow 

Dow 

Do'.t 

Project 

Chemical  Analysis  Constituents 

Desig- 

Alloy 

Extrusion 

Desig- 

(percent) 

nation 

.  No, 

No. 

nation 

Mn 

Si 

1  A1  ;  Zn 

FS-1-KTA 

2  7  •,’28 

0.i|2 

0.08 

1.16 

— 

J-1-HTA 

27729 

■B 

0.22 

.Oh 

3.39 

0.13 

M-HTA 

27730 

10683 

M  1 

1.61 

.05 

0.09 

— 

0-1 -HTA 

27731 

-- 

0  1 

0.32 

.Oh 

3.12 

0.03 

Specimens  of  each  alloy  were  machined  frctn  rods  t  in.  in  diameter 
to  the  oii  !':)islons  shown  for  type  A  in  Fig.  3»  This  is  the  standard  speci¬ 
men  that  has  been  used  in  all  previous  investigations  of  this  project. 
Alloys  and  0  were  found  to  be  sensitive  to  stress  concentration,  this 
made  it  desirable  to  repeat  the  tests  vd-th  specimens  of  larger  fillets  as 
shovm  for  type  3  in  Fig.  3« 

3.  Testing  procedure 

The  static  tensile  tests  r/cre  made  rath  a  uraversal  testing  machine 
in  the  usual  manner.  The  dynamic  tensile  tests  vrare  made  vdth  equipnent 
consisting  of  a  rotating  vdieel  iiU  in.  in  diameter  v.’hlch  has  been  des¬ 
cribed  in  detail  in  an  earlier  report.ii/  'In^the  dynamic  tests,  the  force- 
time  diagrams  at  the  fixed  end  of  the  specimens  were  recorded  for  impact 
velocities  ranging  frcm  2!?  to  200  ft/sec.  Frcra  these  data,  the  total 


h/  P»  E.  Dawoz,  D.  S.  Wood,  D.  3.  Clark,  The  propagation  of  plas¬ 
tic  strain  in  tension,  UDF®  Report  No.  A-99  (OSRD' No.  931 ),  Oct.  191}^. 
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100  X 

Alloy  F,  etched  Tdth  malic  acid. 


-i* 


500  X 


■ 


500  X 


Alloy  J,  etched  with  tartaric  acid. 

.  Photomicrographs  of  magnesium  alloys  F  and  J. 
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n-OHOf  PW  n.ku 


100  X 

Alloy  M,  etched  with  tartaric  acid, 


t  *jV.\  >t. 


Alloy  0,  etched  with  tartaric  acid. 

Fig.  2.  Fhotomlcrographs  of  tnagneslizn  alloys  M  and  0 
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energy  required  to  ruptmpe  the  specimen  tss  deteitninod  by  integrating 
the  force-time  diagram  and  multiplying  by  the  impact  velocity.  The 
energy  per  unit  voluno  required  to  rupture  the  specimen  -was  obtained  by 
dividing  the  total  energy  by  the  volune  of  the  specimen  included  in  the 
gage  length  (the  distance  betyreen  shoulders).  In  the  case  of  the  type  B 
specimen,  the  results  of  this  procedure  are  not  quite  accurate,  • since 
the  strain  in  the  long  fillets  is  not  as  groat  as  in  the  cylindrical  sec¬ 
tion  of  the  specimen.  However,  since  those  alloys  for  rMch  the  type  R 
(long  fillet)  specimens  were  used  were  susceptible  to  embritirlement  from  • 
marks  that  might.  Imye  l)een  used  as  gage  points,  np  iparks  could  be  made. 
TWille  the  method  of  including  the  entire  gage  length  seemed  to  be  the 
only  satisfactory  procedure,  it  should  be  reaenbered  that  th3  actual 
energy  absorbed  per  unit  volune  is  saneviiat  greater  than  reported.  -Meas¬ 
urements  of  hardness,  total  elongation  and  reduction  of  area  vrere  also  ’ 
made  on  each  specimen.-  '  The  reliability  of  dynamic  energy  measurements 
and  the  influence  of- specimen  shape  and  size  on  the  results  obtained ;ih 
tensile  inipact  tests  hayo  been  discussed  in  previous  reports. i 

.  Discussion  of  results 

The  results  of  the  static  tests  on  these  alloys  are  given  in  Ta^le  II. 
The  type  A  specimen  v^as  used  in  making  four  static  tests  on  each  of  the 
alloys  F,  J  and  M,  and  tvro  tests  on  alloy  0.  The  type  B  specimen  was  used 
in  making  two  static  tests  on  each  of  the  alloys  M  and  0.  Static  stress- 
strain  curves  for  each  alloy  are  presented  in  Figs,  h  and  In  malcihg 
the  static  tests  on  t^e  A  specimens  of  alloys  F  and  J,  the  fractiure  ’ 
occurred  in  the  central  portion  of  the  gage  length  v/ith  appreciable  re¬ 
duction  of  area.  In  the  tests  on  alloys  M  and  0  with  the  same  type  of 


^  E.  Duwez,  D.  S,  Clark,  D,  S.  Wood,  Discyision  of  energy  meas¬ 
urements  in  tension  impact  tests  at  the  California  Institute  o^  Technology, 
W)RC  Report  No.  A-21  7  ToSRt)  No.  1 32?;, -  Sept,  ^  ^ 

^  B.  S.  Wood,  P.  El  Duwez  and  D.  S.  Clark,  The  in^uence  of  dimen¬ 
sion  and  shape  on  the  results  of  tonsilo  Impact  tests,  NIRC  Report  A-337 
(c)shD  No.  302b;,  bee, 
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Table  II.  Results  of  static  tests  on  maRneslm  alloys. 
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spocimon,  tho  fracture  occurred  at  the  base  of  the  fillet  tilth  anall  re¬ 
duction  of  area. 

As  a. result  of  this  experience,  two  static  tests  wore  made  on  alloys 
M  and  0  v/ith  the  type  B  specimen.  Tho  results  shown  in  Table  II  indicate 
the  marked  susceptibility  of  alloy  M  to  stress  concentration.  When  using 
the  large  fillet,  failure  occurred  tiithin'tho  uniform  section  of  the 
specimen  and  gave  rise  to  a  slightly' hi f^er  proportional  limit  and  ulti¬ 
mate  strength  vand  a  very  marked  increase  of  porcen'bage  elorr/'.tion  for  the 
'M  alloy.  Tho  results  of  the  tests  -with  type  A  specimen  of  alloy  0  gave 
seme  Indica-tion  of  a  similar  sensitivity  to  stress  concentration.  How¬ 
ever,  the  use  of  la.rger  fillets  did  not  materially  alter  tho  results  even 
though  fracturo  occurred  ivithln  the  gage  length. 

Tho  latter  part  of  the  stress-strain  diagrams  of  alloy  M  made  "vri-th 
type  B  specimens  15  and  16,  shown  in  Fig,  1^,  Indicate  a  progressive  de¬ 
crease  in  tho  stress,  as  if  necking  rrare  taking  place.  The  recorded  -val¬ 
ues  of  stress  and  strain  in  this  part  of  these  tests  wore  scattered  and 
the  dotted  portion  of  the  curves  have  been  dravm  as  an  approximation. 

Wh'jn  the  maxiram  load  was  reached  in  the  s-batic  tests  on  -this  material, 
cracks  developed  in  the  specimens.  These  cracks  were  responsible  for  the 
observed  sudden  change  of  load.  The  percentage  elongition  listed  in 
Table  II  -was  measured  after  the  test  and  includes  the  plastic  permanent 
strain  in  the  specimens  and  the  dis'bances  corresponding  to  the  opening  of 
tho  cracks.  If  the  specimens  had  failed  when  the  first  crack  appeared, 
they  would  have  had  a  percentage  elongation  of  about  8  percent.  This  ob¬ 
servation  vdll  be  considered  in  the  discussion  of  tho  results  of  the 
dynamic  tests. 

In  cmparlng  tho  static  properties  of  the  magnosim  alloys  the  re¬ 
sults  of  tho  tests  vdth  typo  A  specimens  of  alloys  F  and  J  and  type  B 
specimens  of  alloys  M  and  0  are  used.  The  ultimate  strength  and  the  pro¬ 
portional  limit  decrease  foUovdng  the  order  0,  J,  F  and  Tho  percent¬ 

age  elongation  in  8  in.  Increases  following  the  same  order.  Tho  energy 
absorbed  per  unit  volmo  is  greatest  for  J,  Intemodiato  for  alloys  F 
and  M  and  is  lowest  f  or  alloy  0, 
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Tho  results  nf  the  dymnic  tensile  tests  en  these  alleys  are  given 
in  Tables  III,  IV  and  V.  The  curves  of  ultimate  strength,  percentage 
elongation  and  energy  per  unit  volume  required  to  rupture,  each  versus 
impact  velocity,  are  given  in  Figs.  6  and  7.  The  ultimate  strength  of 


Table  III.  Results  of  dynamic  tensile  tests  on  magneslu,.  alloys 
F  and  J  using  type  A  specimen. 


Sped- 

Impact 

lleduction 

Rareness 

men 

Velocity 

Strength 

Unit  Volme 

in  8  in. 

of  Area 

R.?o‘''rr?ll 

No. 

No. 

(ft/sec) 

(ft  Ib/in?) 

(percent) 

(percent) 

ft 

Alloy  F 


5 

1  B 

2$,h 

Ii81i00 

285 

7.6 

28 

13.6 

6 

1  B 

li9.7 

50600 

370 

9.1 

33 

15.9 

Hi 

1 

75.1 

56000 

k20 

9.3 

•  2h 

15.5 

.  7 

1 

75.2 

50200 

300 

7.6 

2h 

l’i.9 

..15J 

1 

98.8 

52100 

li60 

10.8 

3h 

15.0 

3 

1 

105.0 

50000 

ii52 

11.7 

31 

Hi. 9 

9  ■ 

1 

125.2- 

51  300 

li20 

10.5 

35 

16.0 

10 

1 

•i50.5 

53000 

ii68 

10.8 

2li 

Ili.6 

12 

1 

175.0 

51  800 

li20 

9.6 

hi 

Hi. 2 

13 

-1 

514200 

350 

3.8 

27 

Average 

17.3 

15.0 

Alloy  J 


5 

1 

25.2 

li5300 

306 

8.7 

3li 

15.0 

6 

1 

ij9.7 

52  500 

li80 

11.5 

22 

16.9 

13 

1  B 

50.0 

li9500 

li05 

10.1 

2li 

l5.1i 

7 

1 

75.1 

52  800 

li55 

10.8 

li5 

15.5 

8 

1 

100.0 

52  hoo 

510 

11.5 

Ii1 

12.5 

9 

1 

125.5 

53300 

51 5 

12.0 

35  55'”' 

12. a 

10 

1 

i5i.o 

52300 

hio 

11.0 

3? 

15.0 

15 

1  B 

175.3 

52500 

502 

12.1 

2h 

16.6 

11 

1  B 

175.1i 

53liOO 

li25 

9.8 

23 

1)4.2 

12^ 

1  B 

200.0’ 

50000 

198 

17 

15.8 

lli 

1  B 

200.0 

51000 

hso 

18 

Hi.7 

Average  15.0 

Results  not  considered  for  average  given  in  Table  VI. 
Double  rupture. 
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Table  IV.  Results  of  dynamic  tensile  tests  on  magneslun  alloy  M. 


Sped- 

Bar 

No. 

_ 

impact 

Ultimate 

Energy  per 

Elongation 

Reduction  j  Hardness 

men 

Velocity 

Strength 

Unit  Volune 

in  8  in. 

of  Area  Rockwell 

No. 

(rt/sec) 

(ib/in? ) 

(ft  Ib/in?) 

(percent ) 

(percent) j  F 

Type  A  specimens 


1 

10.^ 

35700 

11 

0.5 

7 

iiii.3 

2 

20.7 

39900 

12 

o.li 

1 

39.0 

1 

25.il 

39300 

56 

2.1 

5 

ii2.9 

6 

1 

51.9 

39000 

55 

1.7 

6 

ii3.2 

7 

1 

iS'.o 

39000 

50 

1.8  . 

5 

ii3.2 

8 

1 

99.8 

39500 

50 

1.8 

ii 

ii3.1i 

10 

1 

12I1.7 

3ii000 

10 

O.ii  . 

3 

ii3.8 

12 

1 

125.5 

3li5oo 

~ 

0.1 

3 

ii2.5 

11 

1 

1ii9.5 

35800 

5 

0.2 

h  ■ 

ii2.1 

13 

1 

II49.5 

39000 

62 

2.0 

10 

Average 

ii5.2 

li3.0 

Type  B  specimens 


10 

6 

25.0 

I18OOO 

2ii8 

7.0 

17 

ill. 9 

1 

6 

25.0 

ii7000 

236 

6.8 

13 

ii3.5 

11 

6 

50.1 

ii7500 

160 

5.2 

111 

39.8 

2 

6 

50.il 

ii5000 

238 

6.7 

13 

iiii.3 

12 

6 

7ii.7 

ii85oo 

262 

7.ii 

15 

ill. 2 

3 

6 

7I1.9 

ii7500 

258 

7.ii 

10 

ill 

ii 

6 

102.3 

liii700 

276 

8.3 

12 

ii7.1 

13 

6 

103.7 

ii65oo 

236 

7.0 

6  «  8 

ii2.9 

5 

6 

127.6 

ii7600 

287 

7.7 

12 

liii.5 

111 

6 

127.7 

•  ii5600 

23I1 

7.1 

13 

li5.1 

6 

6 

1ii9.0 

ii8000 

292 

7.7 

IO&I6* 

ii3.1j 

7 

6 

175.0 

ii8000 

250 

6.3 

li 

39.6 

9 

6 

199.0 

li85oo 

2ii0 

6.6 

53=15'=^ 

ii5.2 

Average  ii3.5 

^5* 

Double  rupture. 
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all  four  alloys  is  increased  sli^tly  under  dynamic  conditions.  The  per¬ 
centage  elongation  and  energy  absorption  are  increase  sli^tly  for 
alloys  F  and  J.  However,  vri-th  the  type  A  specimens  of  alloys  M  and  0, 
the  elongation  and  energy  decrease  markedly  under  dynamic  conditions. 

The  dynamic  tests  with  the  type  B  specimens  gave  results  of  the  charac¬ 
ter  more  ccmmonly  obtained.  The  elongation  observed  in  tests  on  alloy  M 
with  typo  B  specimens  is  not  quite  correct  since  the  full  length  of  the 
specimen  between  shoulders  was  considered.  Therefore  the  cci’roct  value 
of  elongation  should  bo  somevdiat  hi^er  than  that  reported.  None  of  the 
dynamic  specimens  exhibited  cracks  such  as  were  observed  in  the  static 
tests.  In  discussing  the  results  of  the  static  tests  it  was  indicated 
that  the  probable  correct  elongation  was  about  8  percent.  Therefore  the 
decrease  of  elongation  observed  in  Fig.  7  or  the  difference  bet;7een  the 
static  and  average  dynamic  elongations  is  misleading.  In  the  true  sense 
in  the  absence  of  stress  concentration  the  elongation  is  not  markedly 
changed  by  increasing  Impact  velocity  within  the  range  considered. 

There  is  no  indication  of  a  critical  velocity  for  any  of  these  allpys 
below  200  ft/occ.  In  making  this  statement,  no  credence  is  given  to  the 
one  low  value  of  elongation  and  energy  obtained  with  alloy  J  at  an  Impact 
velocity  of  200  ft/sec.  This  malaligmcnt  of  data  is  probably  the  result 
of  a  particular  specimen  condition.  All  the  values  of  critical  velocity 
computed  by  the  von  Karmen  relations^'^  are  above  200  ft/sec. 

The  averages  of  the  static  and  of  the  dynamic  tensile  properties  of 
these  allf^s  are  given  in  Table  VI,  and  are  compared  graphically  in  Fig.  8. 
Fran  this  table  these  facts  are  apparent:  the  increase  in  ultimate  strength 
resulting  from  dynamic  loading  varies  from  17  percent  to  Sh  percent  for  the 
four  alloys;  the  percentage  elongation  is  increased  under  dynamic  condi¬ 
tions  for  all  alloys  except  M,  for  vMch  an  apparent  decrease  of  39  jaercent 
is  observed.  In  the  case  of  alloy  M,  it  should  bo  remembered  that,  because 
of  the  presence  of  cracks  in  the  specimens  before  rupture,  the  percentage 


7/  Th.  von  Karman,  On  the  propagation  of  plastic  dofomation  in 
solids,  !®RC  Report  No.  A-29  (6SM  No,  36^),  Jan.  19h2.  • 
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S0.6ngation  measured  on  the  specimen  after  static  nature  Is  questionable. 
This  factor  -was  mentioned  earlier  in  this  section,  Tfdiere  it  ■was  pointed 
out  that  an  elongation  of  about  f  or  8  percent  could  be  considered  as  the 
maxlmm  elongation  taking  place  before  the  appearance  of  the  cracks.  If 
this  is  taken  to  be  the  case,  there  is  practically  no  difference  between 
the  average  dynamic  and  the  average  static  percentage  elongations. 

In  those  tests  on  alloy  0  with  specimen  of  type  B  for  which  the  elonga¬ 
tion  was  veiy  low,  it  was  Impossible  to  obtain  an  accurate  indication  of  the 
energy  absorbed.  For  such  anall  elongation  the  duration  of  the  dxagram  is 
extremely  short.  Had  the  horizontal  scale  been  increased  on  the  oscillo¬ 
graph  this  determination  might  have  boon  possible.  In  view  of  this  fact 
only  the  results  of  tests  for  which  the  energy  could  bo  measured  vfere  used 
to  compute  the  average  dynamic  donation.  This  procedure  was  adopted  to 
prevent  any  inconsistency  between  the  average  dynamic  energy  and  the  aver¬ 
age  elongation.  If,  however,  all  the  results  of  the  dynamic  tests  are 
taken  into  consideration,  the  average  dynamic  elongation  is  only  2.6  per¬ 
cent,  idiich  indicates  a  decrease  of  10  percent  in  comparison  with  the 
static  value.  It  is  also  probable  that  if  energy  measurements  could  have 
been  obtained  for  all  the  0  specimens  tested,  the  average  dynamic  energy 
Trould  have  been  about  the  same  as  the  static  value.  The  energy  absorbed 
before  rupture  is,  in  seme  applications  a  determining  fector;  the  order 
of  decreasing  value  for  the  four  alloys  is  then  J,  F,  M  and  0. 

5.  Conclusions 

The  results  of  this  investigation  niay  be  sunmarlsod  as  follows. 

(i)  The  ultimate  strength  of  all  four  alloys  is  increased  by  impact 
loading. 

(ii)  Under  tensile  Impact  conditions,  the  percentage  elongation  is 
increased  by  about  percent  in  alloys  F  and  J.  It  is  decreased  to  prac¬ 
tically  zero  in  M  and  0  vrfien  the  specimens  have  a  fillet  radius  of  l/l6  in. 
The  brittleness  under  tensile  Impact  loading  can  be  avoided  v/^hen  a  large 
fillet  is  provided. 
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(  (lii)  Tho  of f oct  .'Qf -impact  velocity  is  to  increase  the  energy  re¬ 
quired  to  produce  rupture  in  alloys  F  and  J  by  approximately  3^  percent. 
The  energy  absorption  capacity  of  alloys  M  and  0  is  almost  zero  at  all 
impact  velocities  for  specimens  having  small  radius  fillets^  It  is  prac¬ 
tically  equal  to  the  energy  absorbed  under  static  conditions  for  speci¬ 
mens  having  large  radius  fillets. 

(iv)  Tho  critical  velocity  of  the  four  alloys  is  above  200  ft/sec. 

(v)  Tho  alloys  M  and  0  are  inferior  fer  dynamic  applications  and 
are  susceptible  to  stress  concentration. 
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PART  II.  THE  INJT.UEHCE  OF  VELOCITY  OH •  THE  DYNAMIC  TENSILE 
PROPERTIES  OF  2I4SAHIIIIRM  ALLOY 

6.  Introduction 

Tho  influonce  of  Impact  velocity  on  tbe  tensile  properties  of  I7ST 
•aluninvn  alloy  tos  presented  in  a  previous  report,^  Part  II  of  this 
report  presents  the  results  of  static  and  dynamic  tensile  tests  made  on 
2livS  aluminm  alloy  in  the  "T''  and' annealed  conditions  and  ccnpares  them 
^th  those  obtained  on  lYSTalininua  alloy, 

7.  Materials  tested 

Tho  material  for  those  tests  ms  procured  fron  tho  Alunlnim  Company 
of  America  as  2li ST  alloy  in  the  form  of  ^in.  extruded  rods.  Tho  analy¬ 
sis  of  those  rods  is  as  folloi-ra:  copper,  percontj  manganese,  0,6ii  per¬ 
cent;  magnoslun,  percent;  silicon,  0,20  percent;  alminun,  balance. 

The  specimens  —  8-in.  gage  length,  0,300  in,  in  diameter  —  -vTOre  machined 
from  tho  extruded  rods.  One  series  vns  tested  in  the  condition  in  rmich 
it  Tuas  received.  Another  scries  of  specimens  -mas  annealed  for  20  min  at 
67S'^F  and  cooled  in  the  furnace  at  tho  rate  of  25?F/hr,  These  specimens 
’.Tore  designated  as  21; S  annealed. 

Tho  photomicrographs  in  Fig,  9  show  tho  structure  of  the  metal  in 
tho  two  different  structurrl  conditions,  Tito  static  tensile  tests  and 
dynamic  tensile  tests  ncr>j  made,  following  tho  standard  procedtu’e,  at 
impact  velocities  ranging  fr-an  25  to  200  ft/soc, 

8.  Discussion  of  results 

The  tvn  static  stress-strain  evirvos  obtained  f^r  each  type  of  struc¬ 
ture,  21;  ST  and  21;  S  annealed,  are  given  in  Fig,  10,  The  nmerlcal  results 
of  the  static  tests  are  given  in  Table  VII,  Tho  effect  of  the  annealing 
treatment  vcis  to  decrease  \'Gry  markedly  the  values  of  all  tho  static 
properties  -with  the  exception  of  the  reduction  of  area,  -inhich  remained 
practically  unchanged. 


100  X 

2USAnnealed>  etched  with  Kellers  reagent. 
Fig*  9*  Photcinicrographs  of  alunlnun  alloy  2US, 
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Table  VII,  Results  of  static  tests  on  2USalmlmm  alloy. 


Type  of  Structure 

2UST 

2li  S  Annealed 

Specl’Tion  number 

1 

2 

21 

22 

Ultimate  strength (lb/in5) 

6U800 

65500 

33  700 

3li  200 

Proportional  limit  (ib/in? ) 
Energy  per  unit  volume 

1^7500 

U6500 

ihooo 

ilooo 

(ft  Ib/in?) 

56ii 

615 

159 

169 

Elongation  in  6  in.  (percent) 

10.8 

11.9 

6.5 

6.9 

Reduction  of  area  (percent) 

33 

33 

36 

38 

Hardness  Roclcivell  A 

Theoretical  critical  velocity 

h6.U 

U6.3 

21.1 

20.8 

(ft/scc) 

Experimental  critical  velocity 

280 

301 

162 

187 

(ft /sec) 

>200  1 
1 

>200 

Table  VIII.  Rosiilts  of  dynamic  tensile  tests  on  2l|ST  alininm 
alloy. 


Speci¬ 

men 

No. 

Imp-act 

Velocity 

(ft/sec) 

Ultimr'.te 
Strength 
(lb/in5 ) 

Energy  per 
Unit  Volme 
(ft  lb/in.3) 

Elongation 
in  8  in. 
(percent) 

Reduction 
of  Area 
(percent) 

Hardness 

RodciTcll 

A 

3 

25.0 

68000 

610 

11.7 

35 

h6.3 

9 

25.0 

68800 

588 

11.1 

37 

I16.I1 

10 

.'49.  9 

67000 

656 

12.3 

37 

I16.7 

h 

50.0 

67500 

630 

11.7 

3li 

I46.2 

11 

7i4.5 

67500 

592 

11.0 

37 

U3.3 

5 

75.1 

66700 

6h0 

12.3 

38 

I46.7 

12 

99.5 

69000 

760 

13.5 

36 

1i5.7 

6 

100.5 

66900 

QUO 

15.2 

39 

I46.3 

7 

125.0 

71  000 

826 

II1.I 

I16.3 

13 

126.0 

7OI1OO 

675 

15.3 

» 

37  *  35 

16.5 

8 

ia9.3 

72  000 

862 

1!4.0 

37 

16.8 

lli 

11i9.5 

66800 

752 

13.6 

31 

Uli.S 

16 

175.0 

68  200 

730 

13.2 

38 

I16.3 

15 

175.5 

67500 

765 

13.9 

38 

lih.2 

18 

198.8 

71  000 

955 

16.8 

I16.5 

17 

200.0 

70000 

905 

15.9 

38  i  3ii 

I46.I 

Average  I16.O 

Double  rupture. 
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Tablo  IX. 
nm  alloy. 


Results  of  dynamic  tensile  tests  on  2l|S  annealed  almi- 


Eloneation  Reduction  Hardness 
in  8  in.  of  Area'  Rockwell 
(percent)  (percent)  A 


36  21.1 

33  20. 8 


.  -  21.9 
50  &  I48  I  20.9 
Average  Si  .9 


Table  X,  Conpr'rison  b3tv:eon  average  static  and  averaRO  dynamic  val- 
ues  for  24^and  lySTalminm. 


Alloy  uesignation 


Average  hardness  (Rockwell  A 
Static  proportional  Unit  (ib/in?) 
Ultinate  strength  (Ib/in?) 

Static 

I)ynaTiic 

Increase  (percent) 

Elongation  in  8  in.  (percent) 
Static 
E^majaic 

Increase  (percent) 

Energy  per  unit  volune  (ft  Ib/in?) 
Static 
I^anic 

Increase  (percent) 

R-oduction  of  Area  (percent) 

Static 

Dvaianic 


17ST 

HEiBBI 

I16.O 

38  500 

I17OOO 

59900 

65i5o 

68800 

68600 

7 

5 

111. 2 

11.3 

17.0 

13.5 

20 

19 

59a 

589 

8514 

7li9 

hh 

27 

111 

33 

111 

37 

2I4  S  Annealed 


21.9 

liiOOO 

339^0 

hli930 

33 
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The  results  of  the  dynamic  tensile  tests  are  given  in  Tables.  VIII 
and  IX  and  the  curves  of  ultimate  strength,  percentage  elongation' and 
energy  per  unit  volune  required  to  rupture  the  specimen,  each  versus  Im¬ 
pact  velocity,  are  presented  in  Pig,  11.  The  average  dynamic  properties 
are  conpared  with  the  static  properties  in  Table  X,  The  properties  of 
1 7 ST  aluTiinun  alloy  previously  reported  are  also  given  for  comparison. 

A  graphical  representation  of  tM.s  comparison  may  be  seen  in  Fig,  12, 

.  The  increase  of  tensile  properties  effected  by  dynamic  conditions 
is ‘practically  the  samo  for  the  two  alleys  2liSTand  17ST,  Dynamic  load¬ 
ing  has  a  much  greater .  influence  on  the  tensile  properties  of  2US  (anneal¬ 
ed)  than  on  the  other  two  alloys.  For  example,  the  energy  per  unit  volume 
required  to  fracture  the  annealed  21;  S  alloy  is  increased  by  as  much  as 
105  percent  while  the  increase  with  the  17 ST  and  21; ST  alloys  is  only 
bl;  percent  and  27  percent,  respectivcHy.  Even  with  this  itoprovament,  the 
dynamic  properties  of  the  arjiealed  21;  S  alloy  are  still  inferior  to  those 
of  the  17 ST  and  21;  ST  alloys  vMle  the  computed  critical  velocity  of  the 
annealed  21;  S  alloy  is  loss  than  200  ft/sec,  experimentally  it  is  found 
to  bo  above  200  ft/soc. 

The  fact  that  the  theoretical  value  of  the  critical  velocity  is 
anallor  in  sane  cases  than  the  observed  value  has  been  reported  before 
for  other  metals.^  This  discrepancy  has  been  attributed  to  the  differ¬ 
ence  between  the  dynamic  and  the  static  stress-strain  cvu*ves. 

9.  Conclusions 

Frcm  this  investigation  it  may  bo  concluded  that  the  energy  absorb¬ 
ing  capacity  of  annealed  21;  S  alviminvm  alloy  is  greatly  inferior  to  that 
of  the  same  alloy  in  the  ^’T”  condition  under  both  static  and  dynamic 
conditions.  The  critical  velocity  of  this  alloy  in  both  structural  con¬ 
ditions  is  above  200  ft/sec.  It  nay  be  concluded  further  that  the  dynamic 
tensile  properties  of  21; ?T  al uninun  all<^  do  not  differ  appreciably  frcm 
those  of  17  ST  aluninum  alloy.  If  there  is  any  difference  it  is  slightly 
in  favor  of  the  17  ST  alloy  in  so  far  as  percentage  elongation  and  energy 
absorbing  capacity  arc  concerned, 

9/  Ref.  1.  . 
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ABSTRACT; 


Investigations  were-  made  to  determine  the  influence  of  impact  velocity  on  the  tensile 
properties  of  metals  and  alloys.  It  was  found  that  Dow  Metal  M-HTA  and  0-1 -HTA  are 
susceptible  to  embrittlement  by  stress  concentration.  The  energy  per  unit  volume  re¬ 
quired  to  fracture  these  two  alloys  dynamically  was  about  the  same  as  statically  when 
a  fillet  of  5  in.  radius  was  used.  The  energy  to  fracture  Dow  Metal  FS-l-HTA  and 
J-l-HTA  in  specimens  with  1/16  in.  radius  fillet  is  higher  dynamically  then  statically. 
The  critical  velocity  of  each  of  the  four  alloys  Is  greater  than  200  ft/sec.  Static  and 
dynamic  tensile  tests  were  conducted  on  a  24S  aluminum  alloy  in  the  “T”  and  annealed 
conditions.  The  tensile  properties  of  this  alloy  in  both  structural  conditions  are  larger 
dynamically  than  statically.  The  values  of  these  properties  are  lower  for  the  annealed 
alloy  and  the  critical  velocity  is  greater  than  200  ft/sec  for  both  structures. 
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